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Summary
Objective: In accordance with the literature, our previous epidemiological, clinical and genetical investigations have conﬁrmed a correlation
between generalized osteoarthritis (GOA) and Heberden’s nodes. Heberden’s nodes can be considered as genetic markers for the existence
of a generalized osteoarthritic predisposition. The present study’s concern was to establish whether there are special histological features in
this disease.
Methods: Layered sections of 218 distal ﬁnger joints from 56 deceased persons were investigated using a histologicalehistochemical score
modiﬁed by Mankin.
Results: In Heberden’s nodes, we found all the typical degradative sequences of the osteoarthritic process but also some speciﬁc modiﬁca-
tions. The osteoarthritis (OA) starts with a subchondral ossiﬁcation and manifests a reactive tidemark ﬂaking. At this time, the surface of the
cartilage is not yet destroyed. Later on, there is progression of general degradation. Signiﬁcant differentiation from the control group is possible
using a histological score.
Conclusions: In patients with Heberden’s nodes, the OA starts with the subchondral ossiﬁcation. Heberden’s nodes are the speciﬁc manifes-
tation of GOA in the distal ﬁnger joints. Further studies are therefore required to assess whether the same pathogenetic mechanism can be
seen in OA of the large joints in GOA.
ª 2005 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Generalized osteoarthritis (GOA) is a term that was already
introduced by Kellgren and Moore, Lawrence and Peyron to
deﬁne a discrete entity1e4. Nevertheless, for reasons that
are contradictory and unclear the deﬁnition of the clinical
picture is not yet clear in the literature so that GOA is not
often diagnosed in daily clinical routine. A few authors
have investigated only the smaller hand and foot joints,
whereas others investigated hip and knee joints and also
the spine. If and in which combination the single joints are
affected is therefore described differently in the litera-
ture5e13. Moreover, ‘‘erosive osteoarthritis’’ must be
distinguished14.
It is also interesting that numerous authors mention a con-
nection between Heberden’s nodes and the GOA15e17.
Loughlin et al. deﬁne GOA on the basis of the incidence
of Heberden’s nodes before the age of 46 and the involve-
ment of at least three more joint groups18. On the one hand,
osteophytes are mentioned as Heberden’s nodes in the
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2005.42literature. On the other hand, ‘‘hyaluronic acid’’ cysts are
mentioned which may be observed in young adults19e22.
In our investigation, we considered only patients with mani-
fest osteophytes.
Contradictory statements regarding the epidemiology and
clinical features of GOA in the literature were checked with
our own epidemiological investigation in different geriatric
centers on 1997 pensioners from an urban and a rural pop-
ulation and in a clinical study on 106 patients with Heber-
den’s arthritis and 109 control persons23,24. In both
studies, we found a clear indication for predisposition to
GOA with polyarthritis of the ﬁngers. For numerous func-
tional and radiological parameters in the hip, knee, shoulder
and ﬁnger joints and in the cervical, thoracic and lumbar
spine, the signs of degradation were greater in patients
with Heberden’s arthritis than in the equivalent control
groups. Depending on the population, the maximum inci-
dence was nearly 30%. The generalized character was
shown especially by the fact that different ﬁnger joint levels
were affected (Heberden’s arthritis, Bouchard’s arthritis,
and rhizarthritis).
Different surveys suggest but do not yet prove that a mu-
tation in a gene of the cartilaginous matrix (COL 2 A1)
mainly entails the manifestation of Heberden’s nodes or
GOA25e29. On the other hand, no correlation was found be-
tween Heberden’s nodes or GOA and the three cartilagi-
nous matrix genes investigated18. Other authors reported
a higher level of various metalloproteinases in GOA than8
429Osteoarthritis and Cartilage Vol. 14, No. 5in knee osteoarthritis (OA) and concluded that they may be
an indicator for whole-joint degeneration30.
Before the current investigation, a genetic predisposition
was postulated for Heberden’s nodes on the basis of an au-
tosomal-monogenic inheritance. Accordingly, the illness al-
ready becomes manifest in the heterozygous condition in
women owing to a dominant inheritance and only in the ho-
mozygous condition in men on the basis of a recessive in-
heritance. All references in the literature are based on the
work of Stecher, who investigated 74 families from 1940
to 195031e35. These statements are cited right into the
1970s and 1980s. In the current literature, we found only
references to secondary papers. In our own genealogic ex-
amination of 88 families with 931 family members, these
statements could be conﬁrmed36. In another investigation,
they found a signiﬁcant genetic contribution with evidence
for a major recessive gene and a multifactorial component,
representing either polygenic or environmental factors37.
Accordingly, Heberden’s nodes can be considered as
a genetic marker for a predisposition to general arthritis.
We therefore conducted a histological investigation of the
ﬁnger joints of patients with Heberden’s arthritis; ﬁrst to re-
examine the well-known sequences of the osteoarthritic
process (especially the early stages) and secondly in order
to reveal speciﬁc features within the framework of GOA38.
Materials and methods
The consecutive autopsy material available from the Insti-
tute of Pathological Anatomy at the University of Leipzig
comprised 224 distal joints of the second to the ﬁfth ﬁnger
taken from 56 deceased persons (30 men and 26 women).
Of these distal joints, 218 could be processed for the histo-
logical investigations.
From all joints, the heads of the middle phalange were
worked up with layered sections (30 cuts at intervals of
300 mm). The specimens were stained with hematoxylin-eo-
sin, Crossmon, Safranin-O, RittereOleson, Alcian with pH
4.1 and 2.63 and silver impregnation according to Go-
mori39,40. Four differently deﬁned areas of each single joint
(Fig. 1) were investigated in order to obtain a comprehen-
sive assessment.
The samples were histomorphologically graded using the
Mankin score (Table I) modiﬁed in the light of our special
questions41,42. So we performed out a grading of the roent-
genologic and macroscopic visible degradation as well as
a staging of the osteophyte addition. The most serious char-
acteristic feature was always evaluated. This study was
done as a blinded test. The investigator had access only
to a registration number of the preparations but not to the
Fig. 1. Presentation of the four joint sections assessed (1¼middle
area, 2¼marginal area, 3¼median area, and 4¼ dorsal area).diagnosis or the name of the deceased. Apart from age-de-
pendent changes and other questions under investigations,
we were especially interested in comparing the people with
manifest arthritis of the ﬁnger joints (Heberden’s, Bou-
chard’s or rhizarthritis in different combinations, whereas
Heberden’s arthritis was always present¼ polyarthritis
group) with a control group. The categorization in the poly-
arthritis group was on the basis of the clinical criteria ‘‘He-
berden’s nodes’’ if only one or more joints showed
clinically manifest Heberden’s nodes.
Results
The osteoarthritic process reveals all the sequences of
the osteoarthritic process within the framework of the gener-
ally known formal pathogenesis. A few characteristic patho-
logical-anatomic features will also be considered below.
The OA starts with a subchondral ossiﬁcation. In early
adulthood, processes of remodeling of the osteochondral
transition interface in the area of the cartilageecapsuleeper-
iosteal junction are already visible. The subchondral bone is
rebuilt and reduced to a thin lateral compacta which is coated
with ﬁbrocartilage in the margin area (Fig. 3). Large bone la-
cunae can already appear at this stage which are especially
distinctive changes compared to the normal histology
(Fig. 2).
The changes extend to the tidemark, the borderline be-
tween calciﬁed and noncalciﬁed cartilage, through which
the tidemark advances in the direction of the joint surface
(Fig. 4). It becomes thicker and the number of lines in-
creases (we saw a maximum of 13 lines). This reaction is
locally restricted and it is associated with an expansion of
the basal calciﬁed layer. At this time, the surface of the car-
tilage is not destroyed. There is a general loss of proteogly-
cans over the advanced tidemark.
Interruptions of continuity which start at the top of the tide-
mark curvature are then manifested (tidemark ﬂaking,
Table I
Original Mankin score41: histologicalehistochemical grading sys-
tem for osteoarthritic articular cartilage (we used a modified score,
enlarged of many parameters)
Grade
I. Structure
A. Normal 0
B. Surface irregularities 1
C. Pannus and surface irregularities 2
D. Clefts to transitional zone 3
E. Clefts to radial zone 4
F. Clefts to calciﬁed zone 5
G. Complete disorganization 6
II. Cells
A. Normal 0
B. Diffuse hypercellularity 1
C. Cloning 2
D. Hypocellularity 3
III. Safranin-O staining
A. Normal 0
B. Slight reduction 1
C. Moderate reduction 2
D. Severe reduction 3
E. No dye noted 4
IV. ‘‘Tidemark’’ integrity
A. Intact 0
B. Crossed by blood vessels 1
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lacerations (Fig. 5). In this case, necrotic material can be
seen in the gaps. These defects can cause the detachment
of entire cartilage regions. The tidemark then lies free on the
surface (Fig. 6).
This arthritic process initiated in this way initially shows
a predominance of repair mechanisms. From the area of
the osteocartilaginous junction and the insertion point of
the synovialis, ﬁbrocartilage grows over the defect. Partly
vascularized granulation tissue grows in from subchondral
defects situated more medially and can connect to the later-
ally inﬁltrating ﬁbrocartilage (Fig. 7). Via a chondral metapla-
sia, the whole margin area can ultimately be covered with
ﬁbrocartilage. The tissues mentioned close the defect. How-
ever, at the same time they are located under an endochon-
dral ossiﬁcation which leads to an enlargement of the
marginal osteophytes. Under special conditions, the repair
mechanisms described are not sufﬁcient. The progressing
osteoarthritic process then leads to a complete cartilage
abrasion via the uncovered tidemark e eburnation.
In the middle part of the joints, all the degenerative
processes occur more rarely and not as strongly
Fig. 2. Normal cartilage within the margin area. Intact cartilage sur-
face, normal conﬁguration of the tidemark and the bone lamella.
HE, 16 times.
Fig. 3. The rebuilding process in the area of the osteocartilaginar
interface leads to a huge lacuna, thinning of the bone lamella, ves-
sel penetration in the calciﬁed cartilage and to a displaced tidemark
at a nearly intact surface of the cartilage. Crossmon, 16 times.developed as in the margin area. In principle, the same
changes can be seen starting from the vessel penetration
(Fig. 8) over the endochondral ossiﬁcation and the tide-
mark ﬂaking up to the ingrowth of the subchondral granu-
lation tissue.
For the comparison between the polyarthritis group (He-
berden’s nodes) and the control group, only specimens
Figs. 4e6. From Figs. 4 to 6 processing tidemark ﬂaking, ﬁrst begin-
ning over the top of the curvature in intact surface, later with con-
nection to the surface with embedded necrotic material, and
ﬁnally with a free lying tidemark on the surface. Crossmon, 16
times.
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tablish the score (Tables II and III, ‘‘HEB 3’’). An examina-
tion of patients of nearly the same average age was
therefore possible. Altogether, there were 54 parameters
used which were separately assessed from every single
part of the four joint sections (Fig. 1). Additionally, we imple-
mented an index of ‘‘total joint’’ values, which comprised the
sum of the histologicalehistochemical values of the four
sections mentioned. Table IV presents the average values
of the parameters which differ signiﬁcantly and also a few
more interesting values. It is noteworthy that the differences
are nearly all conﬁned to the ‘‘median cut e margin area’’,
whereas in the other areas signiﬁcant differences occur
only sporadically. The ﬁndings described are conﬁrmed in
morphometric examinations not cited in the present paper.
The corresponding changes with age were investigated
using the parameter ‘‘total joint’’. The rank correlation after
Kendall reveals a strict dependency with one correlation co-
efﬁcient r¼ 0.5618 with a statistical signiﬁcance of
P¼ 0.001 (n¼ 214).
Fig. 7. Large osteophyte covered with ﬁbrocartilage. It comes from
both the lateral area of the osteocartilaginous junction and also
from a medial defect of the subchondral bone lamella. Crossmon,
16 times.
Fig. 8. Median section of the middle area. Above the vessel pene-
tration, an advanced tidemark is to be seen. Crossmon, 12 times.Discussion
Heberden’s arthritis (Heberden’s nodes) contrasts with
the generally known sequences of the osteoarthritic pro-
cess. They do not reveal superﬁcial ﬁbrillation or irregulari-
ties of the coloring of the ground substance, but an
increased ossiﬁcation within the margin area of the sub-
chondral bone. These changes cause an advancement
and also an increase in the thickness of the tidemark.
Lastly, this leads to irregularities and horizontal ruptures
at the interface between the calciﬁed and noncalciﬁed layer
although the cartilage surface is completely intact. These
ruptures start to increase and they lead to a disruption of
the hyaline cartilage. These changes are so characteristic
that a signiﬁcant differentiation was possible with the help
of numerous parameters.
One paper concluded on the basis of analogous observa-
tions that tidemark advancement and horizontal cartilage
ruptures are the primary mechanisms within the progressive
cartilage degradation43. At the top of the curved area where
the tidemark is advanced, the shearing forces obviously
reach a limit that is no longer tolerable. This then causes
a fracture of the collagen ﬁbers with subsequent tidemark
ﬂaking44. Others observed horizontal cartilage ruptures at
the patellar cartilage and point to the vulnerable behavior
of the ‘‘line of resistance’’, which could also lead to cartilage
removal in case of trauma45,46. Similar tidemark changes
with the spontaneous OA of the knee of mice from the breed
C57 black were found47,48, and six tidemark lines above
a margin osteophyte were also observed in another study39.
Others describe tidemark reduplication over an osteophyte
with OA of the hip joint49. The increase of the tidemark lines
Table II
Age distribution of the patients, n¼ 56
Age
distribution
Standard
deviation/s
Minimum Maximum n
1. Total 59.9 18.2 22 87 56
2. Heberden’s
nodes, total
(HEB 1)
68.7 12.4 43 85 23
3. No Heberden’s
nodes, total
(HEB 2)
53.0 19.1 22 87 33
4. No Heberden’s
nodes, from
56 years of age
(HEB 3)
69.4 10.1 56 87 15
Table III
Age distribution of joints, n¼ 218
Age
distribution
Standard
deviation/s
Minimum Maximum n
1. Total 59.3 17.9 22 87 218
2. Heberden’s
nodes, total
(HEB 1)
68.5 12.1 43 85 91
3. No Heberden’s
nodes, total
(HEB 2)
51.9 18.4 22 87 127
4. No Heberden’s
nodes, from
56 years of age
(HEB 3)
68.4 9.5 56 87 55
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state’’ under changing conditions of strain at the osteochon-
dral junction50. Other authors also discuss whether the sub-
chondral rebuilding processes might be a cause and not the
consequence of OA51e53. This is identical with other obser-
vations of the tidemark being forced aside and a thinning of
the hyaline cartilage as a reaction to vessel penetration in-
side the calciﬁed cartilage54e56. Other authors found that
chondrocytes in osteophytes release a vascular endothelial
growth factor and this can promote vascular inﬁltration of
cartilage57.
In general, osteophytes are seen as a secondary late se-
quel or repair mechanism with OA58e62. Another author ob-
served an increase of osteophytes before the cartilage was
damaged63. According to other studies, the increased bone
density causes a mechanical strain of the cartilage49,64e68.
For this reason, patients with above-average bone mineral
content seem to develop OA of the hip joint more often69.
Changes in the mineral content and thickness of the calciﬁed
cartilage seem likely to play a greater role in the pathogene-
sis of OA than had been realized70. In another investigation,
polymorphic tidemark changes were found as a sign of an in-
crease of the tidemark front and were considered to be a re-
action to a higher cartilage strain caused by a decreased
ability of the subchondral bone for shock absorption71.
Our results are conﬁrmed by investigations that found an
advancement in the calciﬁed cartilage only at the convex ar-
ticular surfaces72. This suggests that factors associated
with vascular changes and related to subchondral bone re-
modeling are responsible. Transformation from ﬁbrous car-
tilage tissue to neo-cartilage above osteophytes such as
seen in our specimen has been described73. Pannus-like
tissue was also found, preferentially in the marginal zone,
Table IV
Comparison of the group of Heberden’s nodes (n¼ 91) with the
control group (n¼ 55) using a modified Mankin score41,42
Heberden’s nodes/control
group (HEB 1/HEB 3) (P)
Macroscopic grading 2.71 þþþ 2.03
X-ray-grading 2.09 þ 1.63
Pannus 62.80 þþ 37.20
Osteophyte 61.30 (þ) 38.70
Dorsal area, middle
Fibrous cartilage 1.11 (þ) 0.34
Median area, margin
Cell structure 5.83 þþþ 4.76
Hyaline cartilage 5.80 þþþ 4.52
Tidemark 4.81 þ 4.43
Fibrous cartilage 4.63 þþ 3.12
Bone 7.61 e 7.63
Safranin-O 4.38 þþ 4.02
RittereOleson 4.33 e 4.15
Alcian 4.33 þþ 4.05
Histological value 28.78 þþ 24.49
Histochemical value 12.95 þþ 11.89
Histologicale
histochemical value
41.68 þþ 36.23
Dorsal area, margin
Histochemical value 12.80 (þ) 12.28
Age 68.52 e 68.40
Only the most important correlations are mentioned (u-test; for the
parameters ‘‘pannus’’ and ‘‘osteophyte’’ Chi2-test;þþþ¼ statistical
signiﬁcance less than 0.001; þþ¼ under 0.01; þ¼ under 0.05; and
(þ)¼ under 0.1 which means not signiﬁcant).which strongly suggests that it contributes to cartilage
degradation74.
The signiﬁcance of the basal cartilage layer has been
documented by an experiment on animals46. It was proved
that all sequences of OA at the patellar cartilage could be
triggered by inducing ischemia in the subchondral bone.
All the tidemark changes then observed were highlighted
by the authors in a new concept for the etiopathogenesis
of chondromalacia.
The margin areas can also be places of highest stress.
Then the growth would be provoked by the forces that are
led into the bone via cartilage, because a higher strain is as-
sociated with an increase of remodeling52,59,75,76. On the
other hand, there are the signiﬁcant differences between pol-
yarthritis and control groups in respect of the subchondral
bone lamella which we observed in our examination. This
phenomenon is explained in terms of the higher stress, be-
cause this would be seen in both spot checks. A higher strain
would only occur if cartilage with genetically determined He-
berden’s arthritis underwent a change in its mechanical fea-
tures that resulted in decreased stress absorption. If there
is no external cause for the osteophyte growth, the genetic
moment of Heberden’s nodes may be a possible reason.
Other investigators found the strongest tidemark irregulari-
ties inside the peripheral unloaded zone77,78.
The Heberden’s polyarthritis group in our study com-
prises a mixture of different degenerative changes. All joints
of one person were examined even if only one joint showed
clinically manifest Heberden’s nodes. In case of a more ho-
mogeny composition of the polyarthritis group is therefore
a possibility of an even higher distinction.
In summary, the osteoarthritic process in the case of He-
berden’s nodes starts with a subchondral remodeling that
entails a subchondral ossiﬁcation. Accordingly, the tidemark
is advanced and a tidemark ﬂaking marks the beginning of
the general degradation while the surface is not destroyed
at this point. A signiﬁcant differentiation from a control group
is possible on the basis of a histological score. Like another
study49, these results demonstrate that OA is a disorder of
the entire joint end on the basis of a reaction of growth fac-
tors in the mineralized part of the joint cartilage and not
a simple degenerative disease of the cartilage with second-
ary bone changes.
According to the results of our genetic and clinical inves-
tigations, Heberden’s arthritis is not an isolated clinical pic-
ture but a special manifestation of OA of the distal ﬁnger
joints within the framework of GOA. Heberden’s nodes
(the osteophytes) are therefore considered to be a genetic
marker for the existence of a predisposition to GOA. Further
investigations are required to clarify whether the start of the
osteoarthritic process with a subchondral ossiﬁcation and
a reactive tidemark ﬂaking can be generalized and ex-
tended to the larger joints such as hip or knee joints in
the case of GOA.
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